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(57) Claim 

1. A process comprising smelting iron-containing source material in a reactor 
containing a elag bath, wherein heating and reducing conditions are generated in at 
least one reducing region of the bath by injection of fuel/reductant and 
oxygen-containing gas by at least one top Submerged lance; the source material Is fed 
to the reactor together with additional reductant and with flux at or adjacent the at least 
one reducing region so as to be subjected to smelting reduction, using co^l as the 
additional reductant; the rates of injection of Oxygen and fuel/red uetant are controlled 
to achieve requited, sufficient reducing conditions by providing the Injected gas with an 
oxygen content of from 40 volume% to 100 volume% sufficient for a degree of 
combustion of the fuel/reductant of from 40 weight% to 60 weight%; and wherein CO 
and H 2 generated by the smelting operation, as well as carbon dust carried out of the 
bath by combustion gases are subjected to post-combustion in the reactor. 
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(54)Tltte: PROCESS FOR PRODUCTION OF fcBtoK: 




(57) Abstract 

A process for smeWng iron-containing source material itl a reactor containing a slag batVc^i^ 
and reducing conditions In at least one reducing region of the bath by Injection or fuel/reductam by 
at least one lop submerged lance. The spuria material it fed to the reactor together with additional «elb^«1«;4nd ^nu» 
adjacent the at least one reducing region so as to be subjected to smelting reduction, ustftg coal as the additional rtduaant. nje 
rates of Injection of oxygen and fuel/reductant are controlled to achieve required, sufficient redadng conditions oy f P™™** ™* 
Injected gas with an oxygen content of from about 40 so to about 100 % sufficient for a degree of combustion of the fuer/reductani 
of from about 40% to about 50 V. and wherein CO and « 2 gwertted by th* smelting operation, as well as carbon dreamed 
out of the bath by combustion gases, are subjected to posi-combusiion in the reactor, enabling efficient heating of the wtn 
whilst preventing re-o*tdisotion of the bath contents. 
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PTmflEEfi F np PRnmirTTON OF IRON 
This invention relates to a process for the 
production of iron from a suitable source material by 
direct reduction. The process has particular application 
5 to the direct' reduction of low-grade iron-containing 
source materials, such as iron sands, which presently are 
not used commercially for this purpose. However, the 
process also has application to higher grade source 
materials, such as iron ores usually subjected to 
10 conventional smelting operations. The process also is 
applicable to the smelting of ferrous scrap material. 

Iron making using the conventional blast furnace has 
the disadvantage of requiring large-scale operation with 
massive capital input in order to, maintain a low cost per 
15 tonne of metal produced. The process needs lump coke as 
fuel and redact *nt. However, the production of coke is 
costly and subject to environmental problems resulting 
from the emission of gases such as hydrogen sulphide and 
because of the formation of air borne dust. The process 
20 also needs feed in lump form and current practice is to 
sinter fee.d with fluxes. The operation of a sinter plant 
also involves substantial monetary and environmental 
costs. In general iron making from the blast furnace 
process can only be considered for very large plants 
25 producing in excess of one million tonnes per annum of 
iron. 

Electric furnace operations have been developed for 
smaller plants producing from two hundred thousand to one 
r million tonnes per annum of iron. The electric furnace 

* * 30 operates generally on pre-reduced feed and on scrap iron, 
and the amount of reduction of iron compounds which takes 
place is usually a minor component of the process. The 
process uses coke for this reduction, and thus has the 
same disadvantages as the blast furnace process. The 
33 process also uses electricity for heating purposes, and 
this itf an expensive source of energy for high temperature 
smelting processed in most locations* 

A number of direct smelting process** have been 
proposed and developed to pilot plant scale, involving the 
40 ditect combustion of coal in an iron bath or in a slag 
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bath under partial combustion reducing conditions with pure oxygen, or high levels of 
oxygen enrichment of the injected ftjeL These processes heve generally Involved the 
use of partially reduced ton-ore as feed, and therefore entail the need for provision of 
5 pre-reductlon facilities and operations as part of the process. This has necessarily 
Involved greater operating complexity and greater capital costs. 

The processes under development generally used bottom tuyeres for injection of 
fuel, air, and iron source Into a metal bath. This entails expensive high pressure 
tnjection and Involves severe conditions fqr the refractories in the vicinity of the tuyere. 
10 Some processes have used top Jetting of fuel and eir into the tope surface of the bath, 
but this Involves relatively poor heat transfer to the bath and relatively slow smelting 
reactions. 

Trie present invention Is directed to providing a process for the production of 
Iron which Is amendable- to use of low-grade iron source material, and which enables 
15 more environmentally attractive operation than conventionally used processes. 
? V The process of the Invention comprises smelting iron-containing source material 

in a reactor containing a slag bath, wherein heating and reducing conditions $re 
generated In at teast one reducing region of the bath by at least one reducing region of 
the bath by Injection of fuelfreductant and oxygen-oorttaining gas by at least one top 
26 submerged lance; the source material Is fed to the reactor together with additional 
reduetant and with flux at or adjacent the at least one reducing region so as to be 
subjected to smelting reduction, using coal as the additional reduetant; the rates of 
Injection of oxygen and fuel/reductant are controlled to achieve required, sufficient 
reducing conditions by providing the injected gas with an oxygen content of from 40 
*;25 volume% to 1 00 vokime% sufficient for a degree of combustion df toe fuel/reductant of 
J from 40 weight% to 50 weight%; and wherein CO and H 2 generated bythe smelting 
operation, as well as carbon dust carried out of the bath by combustion gasses are 
subjected to post-combustion in the reactor. 

The top submerged injection in accordance with the Invention provides strongly 
30 reducing conditions. The fuel and tnjected reduetant may comprise coal in fine 
particulate form, fuel oll> natural gas, LPQ or other suitable carbonaceous material. 
The fUel, In the case of fine coal te Injected by means of a carrier gas and that gas 
.;^^-i^»V> may-jsoiT^piil^^ €^\l©st^vj(i^rt i5f theoxjrtjan required for fuel combustion. The carrier gas 
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aternatively may comprise a mixture of Inert gas such as nitrogen with air, oxygen- 
enriched air or solely oxygen, or it may simply comprise Inert gas. Part of the oxygen 
required for combustion may be Injected by flow through the lance which is separate 
5 from the flow of foel/teductant, with mixing of the separate flows occurring only at the 
Sower end of the lance and/or in the slag bath. Where at least part of the oxygen is 
Injected by such separate flow, ft may comprise oxygen alone, air, oxygen enriched air, 
or such gas mixed with an Inert gas such as nitrogen. 

The rates of Injection of oxygen and fUel/reductant are controlled to achieve the 
10 required reducing conditions and, as Indicated, those conditions most preferably are 
strongly reduc&ig. Thus, the injected gas has an oxygen content of the gas of from 
40 volume% to 100 vo!ume%, and sufficient for a degree of combustion of the 
foel/reductant of from 40 welght% to SO welght%, 

The additional coal reductant preferably is lump coal. It is Ted to the bath with 
15 the irorncontaining source material, most preferably at the rate of about 20 to 60 
* percent by weight of the source material. Suitable flux such as lime w silica, 

depending on the source material, also is fed Wi)h the source material. At least the 
additional coat reductant and Bource material Is fed continuously during a smelting 
operation, with tapping of slag and Iron metal being either continuous or bafcchwise. 
20 A variety of forma of top submerged lances can be used. However, the smelting 

reduction process of the invention necessitates relatively high reactor temperatures, 
$ , such as from about 1350°C to about 1 5O0°C. The or each lance therefore preferably Is 
of a suitable alloy steel, such as stainless steel. The alloy steel 
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preferably is of * high quality* being corrosion resistant 
and resistant to oxidation and dissolution in slags at 
high temperatures? with ASTM 321. 316 or other high 
chromium steels being suitable. Also, cooling of the 
5 lance generally is necessary, by supply of a coolant fluid 
thereto during the smelting operation, and the lance may 
be pf the form disclosed in our International application 
PCT/AU90/00466 (WO91/05Z14) filed on 26 September, 1990. 
Most preferably* the lance is of th& form disclosed in our 
10 co-pending Australian patent application PK&437 lodged on 
20 September 1991 < attorneys reference IRN223989). The 
disclosure of each of those references is incorporated 
herein and to be read a? part of the disclosure of the 
present Invention. 
13 The^ process of the present invention is conducted 

with poet -combust ion Of CO and H 2 generated by the 
smelting operation, as well as carbon dust carried out of 
the bath by the combustion gases- For this oxygen, ox an 
oxygen-containing gas such as ait or oxygen-enriched air, 
20 is blown into the reactor space above the slag bath. The 
post-combustion preferably is close to the bath surface, 
and most preferably adjacent to the or each reducing 
region, to achieve a high level of heat transfer to the 
slag bath. While the oxygen-containing gas for this can 
25 be supplied by at least one lance having its lower, * 
discharge end above the bath surface, it is preferred that 
the gas is blown into the reactor sqpace through a shroud 
pipe through which the top submerged lance for 
fuel/reductant injection extends, with the shroud pipe 
30 terminating above the bath surface. The shrouded lance of 
PCT/AU90/O04 6* and the lance with a shroud pipe disclosed 
in our co-pending Australian patent application PKB437 are 
suitable for this purpose. 

Post-combustion preferably is conducted so as to 
35 achieve an oxidation degree in excess of 0*2, as 
determined fiy the ratio of (CO^ * H 2 Q) to {CO + ♦ 
C0 2 4 K 2 ). The dtidation degree preferably is not in 
excess of about 0*93, but can be up to 1*0 » The oxidation 
degree is controlled so as to achieve a maximum level of 
40 heat transfer to the melt, consistent with subsequent use 
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of Old gases, white not re-oxidising the bath. Gases from the reactor may be used for 
general heating purposes, such as for steam products, but the economies of operation 
do not favour the use for pre-reductlon of the source material. 

$ The iron-containing feed material preferably is charged to the reactor along with 

a flux, such as burnt lime. Lump coal as further reductant can be charged with the 
source material The source material can be in lumps or finely divided form but, 
particularly In the case of fine course material, it preferably is agglomerated, such as 
with the flux and/or lump coal> to prevent the source material being blown out with 

10 reactor flue gasea. Agglomeration can be by use of addition of water at a pug ging 
Screw or other suitable device. 

The source material and other material such as flux and further reductant most 
preferably are charged to or adjacent the or at least one reducing region resulting from 
to submerged Injection via suitably positioned charging port means of the reactor, 

15 abbvethe slag bath. However, the source materlaland flux, when of a suitable fine 
particle size, can be charged to the reactor through the or each top submerged lance. 
In either case, the top submerged injection most preferably iB such as to generate 
substantial turbulence in the reducing region, typically with substantial up-swelllrtg of 
the bath surface. 

20 The source material may comprise or include iron ore, as lump or fines. 

Alternatively, it may comprise or Include pellets, pellet fines, iron sands, iron residues, 
scale, steel plant flue dust, ferrous scrap and high iron slag. 

in order that the Invention can more readily by understood, reference is directed 
• >; to the accompanying drawings, In which: 

~25 Figure 1 is a top plan view of a reactor suitable for use in the process of the 

present invention; 

Figure 2 Is a longitudinal section view taken on line IM1 of Figure 1; 

Figure 3 Is a sectional view of a preferred lance for use in the present invention; 

end 

30 
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Figure 4 is an enlarged sectional view of the lower 
end of the lance of Figure 3. 

The reactor 10 of Figures 1 and 2 comprises 
substantially enclosed vessel having a base 12, peripheral 
$ side wall 14 and a top 16„ At one end, a flue gas opening 
18 is defined by an end portion of wall 14 and top 16- 
Reactor 10 preferably has a metal shell lined with 
suitable refractory material. At one end, reactor 1Q has 
a tap hole 20 lor tapping iron., from iron layer 22 beneath 
10 the slag bath 24. At the other end, it has tap holes 25 
for tapping slag from slag layer 2B from bath 24. 

Generally centrally along top ltf, reactotf has a 
series of lance ports 30, in. each of which is inserted a 
top submerged lance '32* To each side of ports 30 , there 
.iS are feed ports 34 for the .charging of iron-containing 
source material, flu* and* if required , re due taut coal. 
Such charging preferably is conducted continuously with 
top submerged injection by lances 32* 

Each lance 3? may be as disclosed in PCT/AU90/004 6B 
20 or, more preferably/ as disclosed in the above mentioned 
co-pending Australian patent application PK8457. The 
lances 32 each comprises a central conduit 36, most 
preferably comprising at least two substantially 
concentric pipe-s., and an outer shroud pipe 38 
25 substantially concentric with conduit 36. At its upper 
end, each conduit 36 is connectable (by means not shown) 
to a supply of f uel/reductant , such as fine coal, and of 
oxygen-containing gas. The lower end of conduit 36 
comprises a discharge tip or norzle and/ as shown, is 
30 'submerged in slag- layer 28 of bath 24. Injection of the 
fuel/reductant and oxygen-containing gas, and also carrier 
gas for the fuel/reductant if this is other than the 
oxygen-containing gas, is eueh as to generate reducing 
regions 40 at which upswellings 42 are formed in layer 
3S 28. The relative positioning of ports 30, 34 la such that 
feed through potts 34 is above upswellings 42. 

At its upper end, each shroud pipe 38 is connectable 
<by means not shown) to a source of oxygen-containing 
gas. that gas passes down an annular passage between pipe 
40 38 and its conduit 3*. Th* lower end of each pipe 36 ifi 
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spaced above the lower end of its conduit 3 6, such that 
the gas passed down such passages discharges therefrom 
into reactor space 10s, a short distance above bsth 24, 
over each updwelling 42* After-burning or 
S post-eombuBtion, of CO and Y\ 2 rising from bath 24, thus 
is able to occur such that substantial resultant heat 
energy is transferred to bath 24. 

Continuous feeding is used for all materials, whilB 
tapping of layers 22, 2:8 can be continuous on betchwise. 
ltf The top submerged injection by lances 32 provides heat 
under non-oxidising conditions; while reduction is in part 
by lump coal, or fine coal with the non-containing source 
material, charged via ports 34.. 

The lance 50 ' of Figured 3 end 4 has b conduit 52 
15 extending from upper end section 50a of lance 50 to a tip 
54" at the lower discharge end. 

Conduit 52 includes inner end outer concentric pipes 
56*58 and a third pipe 60 disposed co-axially between 
pipes 56,58. Tip 54 is sealingly connected to the lower 
20 end circumf erence of each of pipes 56,58. However, the 
lower end of pipe 60 terminates above tip 54 such that the 
volume between pip*s 56,58 is' divided into inner and outer 
annular passages 61,62 which are in communication at 63* 
between the lower end of pips 60 and tip 54. 
25 In upper end section 50a, passage 61 is close by 

co-operating, interconnected flanges 56a, 60a of pipes 
56,60. Similarly, passage 62 is ciostod by an annular 
radial wall 5Ba of pipe 58 which is sealed around pipe 
60. Pipe 60 has an inlet .connector conduit 60b, by which 
30 conduit 52 Is connectable to a source of pressurised 
coolant fluid, such as water, such that coolant fluid can 
be supplied to passage 61* Also, pipe 58 has an outlet 
connector conduit 58b, by which conduit 52 is connectable 
to a discharge line for discharge of coolant fluid from 
35 passage 62. The arrangement is such that coolant fluid, 
tot cooling conduit 32, is able to be supplied via conduit 
60b for flow downwardly through and around passage 61, and 
then upwardly and Ground passage 62, for discharge through 
conduit S8b. In such flow, the coolant fluid flows across 
40 the upper end of tip 54, at 63/ to provide cooling of tip 



i 




PAGE 41/54 • RCVD AT 10/29/2008 3:36:35 PM [Eastern Daylight Time) " SVR:USPTO-EFXRF-5/4 - DNIS:2738300 ■ CSID: ■ DURATION <mm-ss): 12^56 



10/29/20 0 8 WED 14:45 FAX 




WO 93/06251 PCT/A U92/00469 

- 8 - 

54. 

Pipe 56 defines a bore 64 therethrough from the 
upper end of pipe 56 in section SO a to tip 54; while tip 
54 provides a continuation of fcore 64 to the lower end of 
5 lance 50. Concentrically within pipe 56, there is a fuel 
supply pipe 66 which extends from the upper end of lance 
50 to a level in one example adjacent the top of tip 54. 
The upper end of pipe 66 is received into a collar 67 by 
which it is connected to a supply line 68. The letter is 
10 connectable to a source of fuel and carrier gas far the 
fuel, for injection of the fuel through lance 50 via pipe 
66. 

Between pipes 36,66 there is an annular gas passage 
70 through bore 64. The upper end of pipe 56 is enlarged 
15 at 5 6b, and provided with an inlet connector conduit 56c, 
by which passage 70 is connectable to a pressurised source 
of oxygen or oxygen containing gas, to enable injection of 
such gas through lance 50. 

Tip 54 has an inner peripheral surface 54a which, in 
20 addition to providing a continuation of bore 64, is 
f rusto-cenical so as to taper downwardly and outwardly 
from the cross-section of bore 64 within pipe 56. The 
taper of surface 54a has a half cone angle of from 10 to 
20*, for the reason indicated above- Surface 54a merges 
25 with external cylindrical surface 54b of tip 54, to define 
a sharp lower edge 54c of tip 54 at the outlet of lance 50. 

The lower end of pipe 66 may have a plurality of 
circumferentially spaced rods 72 which project axially 
within tip 54* Mounted on rods 72, within tip 54, there 
30 is a conical baffle. 74 which increases in cross-section 
towards the lower end of lance 50. Baffle 74 has a half 
angle similar to that of surface 54a of tip 54, and causes 
the flow of fuel issuing from the pipe 66 to diverge 
outwardly into the flow of oxygen issuing from passage 
35 70. Baffle 74 and also surface 54a of tip 54 minimise 
entry of slag Into tip 54. 

Within the lower extent of passage 70, there may bo 
* helical switler 76 for imparting circumferential motion 
to oxygen issuing thetefronw Bwitlet 76 comprises a 
40 two-eta* t helical baffle mounted oft pipo 66, which 
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decreases in pitch towards tip 54, Surface 54a of tip 54 
and baffle 74 cause good mixing of the fuel and oxygen 
within tip 54 and this is further enhanced by the action . 
of swirler 76." That mixing and the action of swirler 76 
S also result in gooff distribution of the fuel and oxygen 
within the slBg in which they are injected by top 
submerged injection from lance 50. 

Concentrically disposed on the upper extent of 
conduit 52 , there* is a shroud pipe 78. A shroud passage 
10 60 is defined between pipes 5a, 76, with passage 80 being 
closed at its upper end by -respective flanges SBd and 78a 
of those pipes. Pipe 78 has en inlet conduit 78b 
communicating with passage 80 and connect able to a 
pressurised source of shroud gas, such as an 
15 oxygen-containing gas for ., p ost -combustion above a slag 
bath as detailed herein. The shroud gas is able to 
discharge from the open lower end of passage 80, so as to 
discharge into furnace or reactor gases above the bath. 

Around at least part of the length of pipe 78, there 
20 is a supplemental cooling system &2 although, as a more 
general consideration, this is optional. This comprises 
concentric pipes 84,86., each closed at their upper ends, 
with pipe 86 also closed at its lower end. Eacfc pipe has 
a connector conduit 84 a, 86a, enabling the supply and 
25 discharge, respectively, of further coolant fluid, 
essentially as described in relation to circulation of 
such fluid within conduit 52. System 82 enhances overall 
cooling o£ lance 50 and, in particular, of shroud pipe 78, 
against the effect of furnace or reactor gases and heat o£ 
30 post-combustion . 

The lance 50, for top submerged injection, will be 
appreciated as employing an external coolant circulation 
system, preferably utilising water as the coolant fluid* 
This provides a long operating life for the lancer 
35 obviating the need for frequent repairs. Lance 50 is used 
for injecting fuelj air and oxygen into a slag bath to 
provide heat, as well as vigorous stirring to achieve 
rapid and efficient reactions* It has particular 
advantages when usad to inject coal as fuel and redudtant 
40 with oxygen and air, to produce strongly reducing 
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conditions at high temperatures, such as required to smelt 
and reduce iron from iron-containing materials. 

The lance preferably ia fabricated from stainless 
steel tubee or pipes, to prevent rusting and to provide 
5 resistance to high temperature oxidation. Tip 54 also 
preferably is of stainless steel while, as indicated, its 
internal cone Hal* aftgle p£ 10 to S0° acte to prevent 
blockage by solidified slag. External water cooling 
maintains a low lance temperature, and in a system 
10 incorporating the lance, there preferably is a low 
pressure coolant fluid cut-off end lance raising mechanism. 

The lance preferably has a minimum surface area, 
made permissible by an ability to maintain hi^gh velocities 
in gas and fuel flow. Typically, gas and fuel flows can 
15 range from Mach 0.05 to 1.0, preferably Mach 0.3 to 0.5. 
Similarly, high velocities of coolant flow enable minimum 
surface area for the lance, such as with coolant water 
flow of 1 to 5 m/sec. 

Provision of shroud pipe 78 outside the' conduit 52 
20 enables air or other shroud gas to be injected above the 
bath. Such shroud gas provides cooling for the upper 
extent of lance 50. This shroud gas also can provide 
oxygen for above-bath reactions retired for process 
reasons, in achieving sufficient post-combustion of carbon 
25 monoxide, hydrogen and carbon dust carried out off the bath 
during submerged injectipn. The position of shroud pipe 
78 is optimised to allow maximum recovery of heat from 
such reactions to the bath, whilst avoiding re-oxidisation 
of the slag bath and metal products. 
30 provision Of swirlers 76 in the oxygen/air duct 

enhance mixing ©f the injected" materials before they enter 
the bath, and also provides stable discharge conditions 
for the injection of gas into the bath. 

Provision of baffle 74 prevents slag from entering 
as the tip and blocking flow* 

the supplemental water cooled upper region, around 
the conduit 52, can be beneficial if the quantity of 
shroud gas discharged above the slag bath is not 
sufficiently large to prevent shroud pipe 78 from reaching 
40 temperatures which may cause oxidation or damage* The 
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supplemental cooling preferably maintains the lower end of 
ebroud pipe 78 at a temperature of from 4G0 to 800°C. 
depending on the material used. 

A principal purpose of the invention ia to allow 
3 injection of fuel, reductant, air and/or oxygen into a 
slag bath under conditions in which the lance is subjected 
to minimum wear and requires minimum maintenance. 
However, a further benefit where shroud pipe 78 is 
provided, is in enabling injection of post -combust ion air 

10 or oxygen into the gas space abbve tbe bath, in suitable 
proximity to the point of injection, to ensure heat 
release from post-combustion efficiently heats the bath, 
whilst preventing re-oxidisation of the bath contents. 
This latter purpose has particular relevant to smelting 

15 and reducing iron-containing feed materials to produce 
metallic iron, in the form of pig iron or iron-containing 
less carbon theft pig iron. 

In order to further illustrate the invention, the 
following non-l£miting Examples are provided/ 

20 Eaamalft-lj 

A pilot plant operation was carried out in which • 
iron sands material of analysis 44.6% Fe, 7.00% Ti0 2 , 
13-4% Si0 2 , 4*5% MgO, 4.0% CaO, 4.25% Al^O-j. 1600ppm 
Cr, 0.4 3% V 2 C 5 , and 0.29% P^0 5 was fed into a top 
25 submerged lancing furnace througft a feed port after mixing 
with burnt lime and lumo coal, and wetting to 19,5% H 2 0 
in a pugging screw, A top submerged lance was fired with 
fine coal, oxygen and air to generate strongly reducing 
smelting conditions in the slag bath. Mr was blown 
30 through a shroud pipe around the lance to provide 
poet-combustion ofT CO, and carbon ift the rising gases 
just above the bath, the feed conditions were as follows: 
. Feeding rate of iron sands 65 kg/hr 

of lump coal 30 kg/hr 

35 of lime 6.5 kg/hr 

injection rate of fine coal 150 kg/hr 

oxygen 85 Nro 3 /hr 

carrier air 50 to 65 Um 3 /hr 



3 

shroud air 200 Nnr/hr 



40 
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The smelting temperature was in the range 1400-C to 
l«o*c. Betal and slag were tapped off during smelting. 
After a total time of 19.6 hours the furnace contents were 

tapped completely* 
§ A total of 93?. 4kg of iron sands were fed during 

firing at a level Gf combustion at the lance tip of 43%* 
The oxygen enrichment level in injected gases was 60%. 
The degres of post-combustion with shroud, air was 25%. 

tron of analysis 94.8% fe, 2.74% C, 0.11% S, 0.06% 
10 V, 6.05% * was produced, with an i,ron recovery of 87%. 
The level of iron left in the slag tapped off was 4%. 
SsfflBBle 28 

Iron sands material of the same composition of 
Example 1 was smelted in a furnace a* shown in Figures 1 
15 and 2 at a total smelting rate of 80 tph* tump coal and 
burnt Havener* fed into* the bath, at rates of 17300 kg/hr 
and B4O0 kg/hr respectively together with the iron sands 
and 15% agglomeration water. 

The three lances were used to inject a totaL of 
20 29522 kg/hr fine coal, 15028 Nm S /hr oxygen and 15413 
NmVhr combustion air into the loath, representing 60% 
oxygen enrichment and 45% combustion of fine coal- ^The 
shrouds on the lances were used to supply 2484fi0 Nm /hr 
post-combustion air, which provided 30% recovery Of 
23 post-combustion heat to the bath. 

The fine gases -contained substantial heat and, if 
all had been passed through a waste heat boiler, it would 
have generated sufficient steam to produce nearly 40. MW of 
power. The smelting pl*nt consumed 10 m of power mostly- 
30 ' for oxygen generation, thus providing an excess of power 
if all waste heat were to be utilised. Alternatively a 
waste heat Jboiler and turbine power plant could be sized 
to generate the oxygen required for the smelter and run 
the electrical facilities of the plant. The rest of the 
35 gases were passed to atmosphere after removal of dust. 

The plant produced 40,7 tph of iron of analysis 
93*8% Fe, 4,0% C, and 32. 2 tph of slag of domposition 5% 
?e* 29.2% CaO, 13,2% Si0 2 , 9.l\ MgO was produced and 
granulated for disposal. The reeowjr iton in the 
40 process wac 96.1%* 
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Fine coal, carrier air and oxygen ware injected into 
a bath of liquid slag through the lances* This mixture 
had an oxygen enrichment level of 60%, and degree of 
combustion of 45%. This injection provided the energy 
5 needs for submerged smelting, as well as bath tubulence 
and reducing conditions in the bath** Mr was injected 
through the shroud pipes of the lance to fully burn the 
CO> H 2 and carbon being carried off the bath by rising 
gases. This post-combustion provided energy above the 
10 bath in a position where significant recovery to the bath 
occurs. Iron-containing feed in lump or fine form was 
mixed with burnt lime flux,, lump coal reductant and 
agglomeration water , as needed, and fed through feed ports 
as shown in Figure's 1 and 2. Preferably, dust from the 
15 furnace is recycled, with added burnt lime. 

The iron and a low-iron sla? produced were tapped 
off from the respective tap holes at opposite ends of the 
furnace. The metal was suitable to be processed through 
to steel through separate plants using' known methods or 
20 sold as pig iron, whilst the slag was able to be 
granulated for use or discerd. 

The flue gases generated in the furnace had a 
substantial energy content,, sufficient to generate 5 to 4 
times the power requirements of the plant If passed 
23 through a waste heat boiler tfith associated steam turbine 
power plant. 

Finally, it is to be understood that various 
alterations, modif ications end/or additions may be 
introduced into the constructions and arrangements of 
3 0 parts previously described without departing from the 
spirit or ambit of the invention. 



3S 



40 
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THE CLAIMS DEFINING THE INVENTION ARE AS FQLLOWS: 
1 . A process comprising smelting iron-containing source material in a reactor 
containing a slag bath, wherein heating and reducing conditions are generated In at 
5 least one reducing region of the bath by injection of fUet/reduetant and 

oxygen-containing gas by at least one top submeiged lanpe; the source material is Ted 
to the reactor together with additional reductant and with flux at or adjacent the at least 
one reducing region so as to be subjected to smelting reduction, using coat as the 
additional reductant; the rates of injection of oxygen arid fuel/red uctant are controlled 
10 to achieve required, sufficient reducing conditions by providing the injected gas with an 
oxygen content of from 40 vo!ume% to. 100 volume^ sufficient for a degree of 
combustion of the fueJ/r&ductant of from 40 weight% to 50 weight%; and wherein CO 
and H 2 generated by the smelting operation, ad well as carbon dust carried out of the 
bath by combustion gases are subjected to post-combustton In the reactoF. 
15 2. The process of claim 1 , wherein the fuel and injected reductant is selected from 
coal In fine particulate faim, fiiel oil, natural gas, LP©, other suitable carbonaoeous 
;-' , material and mixtures thereof. 

: 3- ™ e process of claim 2 4 wherein the fuel te fine coal Injected by means of a 

\ carrier gas. 

:* .> 

'20 4. The process of claim 3, wherein the carrier Is gas comprises at least part of the 
oxygen required for fuel combustion. 

5. The process of claim 3, wherein the carrier pas is selected from a mixture of 
: Inert gas with air, oxygen-enriched air, oxygen, and inert gas. 
\ 6. The process of claim 5, wherein the carrier gas is an inert gas with air or inert 
V[25 gas, and the Inert gas Is nitrogen. 

Z j 7 > The Praess of any one of claims 1 to 6, wherein part of the oxygen required for 
combustion is Injected by flow through the lance which Is separate from the flow of 
fuel/reductant with mixing of the asperate flows occurring only at the lower end of the 
fence and/or in the slag bath. 
30 S. The process of claim 7, wherein said part of the oxygen injected by said 

separate flow, comprises oxygen atone, air, oxygen enriched-air, optionally mixed with 
an Inert gas such a* nitrogen. 

PAGE 48/54 * RCVD AT 10/29/2008 3:36:35 PM [Eastern Daylight Time] * SVR:USPTO-EFXRF-5/4 * DNIS: 2738300 " CSID: * DURATION (mm-ss): 12-56 



10/29/2008 WED 14:47 FAX 



-15- 

9. The process of any one of claims 1 to 8, wherein the additional coal reductant is 
lump coal. 

10. The process of claim B, wherein the lump coal is fed to the bath with the 
$ Iron-containing source material, 

1 1 . The process of claim 10, wherein the lump cm! Is fed at a rate of 20 to 60 
percent by weight of the source material 

1 2. The process of any one of claims 1 to 1 1 , wherein flux such as lime or silica, 
depending on the source material, Is fed with the source material. 

10 13. The process of any one of ciaims 1 to 12, wherein at least the additional coal 
reductant and source material Is fed continuously during a smarting operation, with 
tapping of slag and Iron metal being continuous. 

1 4. The process of arfy one of claims 1 to 12, wherein at least the additional coal 
reductant and source material is fed continuously during a smelting operation, with 
1 5 tapping of stag and iron metal being batchwise. 

J 15. The process of any one 61 claims 1 to 14, wherein the smelting reduction is 
* I; conducted at a reector temperature of from 1350° to 1 500°, with the or each iance 
being of a suitable alloy steel, such as stainless steel. 
• 18. The process of claim 15, wherein the or each lance Is cooled by a supply of a 
20 coolant fluid thereto during the smelting reduction. 

17. The process of any one of claims 1 to 16, wherein post-combustion is effected 
by oxygen, or an oxygen-containing gas such as air or Oxygen-enriched air, blown into 

. the reactor space above the slag bath. 

18. The process of claim 17, wherein the post-combustion is effected close to the 
^ V 25 bath surface, such as adjacent to the or each reducing region, to achieve a high level 

j of heat transfer to the slag bath. 

1 9. The process of any of claims 1 to 1 8, wherein oxygen-containing gas for 
post-combusttert is supplied by at least one lance having its tower, discharge end 

* above the bath surface. 

30 20. The process of any one of claims 1 to 1 8, wherein oxygen-containing gas for 
post-combustion Is blown Into tha reactor space through a shroud pipe through which 
the top submerged lance for fueVreductant injection extends, with the shroud pipe 

vA A terminating above the bath surface. 
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21 . The process of any one of claims 1 to 20, wherein post-combustion is conducted 
so as to achieve an oxidation degree in excess of 0.2, as determined by the ratio of 
{COa + H 2 0) to (CO + Hj + C 0 2 + . 
;5 22. The process of claim 21 , wherein the oxidation degree is not in excess of 0.95. 

23. The process of claim 21 or claim 22, wherein the oxidation degree Is controlled 
so as to achieve a maximum level of heat transfer to the melt, consistent with 
subsequent use of the gases, while not re-oxidising the bath. 

24, The process of any one of claims 1 to 23, wherein the iron-containing source 
1 Q material is charged to the reactor along with a flux, such as burnt lime and lump coal as 

farther reductant, with the source material In lumps, finely divided form. 
25 The process of any one of claims 1 to 23, wherein the source material Is 
agglomerated with flux and/or lump coal, to prevent the source material being blown 
out with reactor flue gases. 
15 26. The process of arty one of claims 1 to 23, wherein the source material, flux and 
* further reductant are charged to or adjacent the or at least one reducing region 
I resulting from top submerged Injection via suitably positioned charging port means of 
; * the reactor, above the slag bath. 

V 27. The process of any one of claims 1 to 23, wherein the source material ^and flux, 
' 20 of a suitable fine particle size, are charged to the reactor through the or each top 
submerged lance. 

28. The process of any one of claims 1 to .27, wherein the tdpsubmerged Injection 

Is such as to generate substantial turbulence In the reducing region, with substantial 

»., 

■fM*f up-swelling of the bath surface. 

V* : 29. The process of any one of claims 1 to 23. wherein the source material Is 
J selected from iron ore, as lump or fines, pellets, pellet fines, iron sands, Iron residues, 
scale, steel plant flue dust, high iron slag, and mixtures thereof. 



3d Dated: 8 November, 1894 ^ fc . 

PHILLIPS ORMONDE & FITZPATRICK f )fy*d fl 
Attorneys for. AUSMELT LIMITED ' 
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